Lymph node metastasis is an important prognostic factor in many types of cancer. We investigated the clinical significance of lymphangiogenesis and lymphatic vessel invasion in esophageal squamous cell carcinoma. We evaluated lymphatic vessel density and lymphatic vessel invasion in the intratumoral, peritumoral and normal compartments using D2-40 immunostaining. In addition, the peritumoral compartment was divided into the lateral peritumoral compartment and the non-lateral peritumoral compartment. The lymphatic vessel density was higher in the peritumoral and intratumoral compartments than in the normal compartment. However, the lymphatic vessel density did not correlate with any pathological parameters including lymph node metastasis. Intratumoral and peritumoral lymph vessels were small and collapsed while normal lymphatic vessels and lymphatic vessels with lymphatic vessel invasion were dilated and large. The presence of lymphatic vessel invasion, in the lateral peritumoral compartment but nowhere else, significantly correlated with lymph node metastasis. These results suggest that lymphangiogenesis might occur with esophageal cancer, but it does not play a direct role in lymphatic vessel invasion and lymph node metastasis. Peritumoral lymphatic vessel invasion, especially in the lateral peritumoral compartment, should imply a high probability of regional lymph node metastasis.
Esophageal squamous cell carcinoma is one of the most common malignancies in the world. Its growth is relatively fast and it generally has a worse prognosis than any gastrointestinal tumor. Metastasis to regional lymph nodes represents the first step of dissemination in esophageal squamous cell carcinoma and serves as a major prognostic indicator for disease progression and as a guide for therapeutic decision-making. 1 Previous studies have established the role of angiogenesis in tumor growth and hematogenous spread. However, despite the major role of the lymphatic vessels in the initial spread of cancer cells, little is known about the mechanisms whereby cancer cells enter the lymphatic system or whether nodal metastasis is dependent on tumor-induced lymphangiogenesis or invasion of pre-existing lymphatic vessels. 2 Until recently, the absence of a specific marker distinguishing lymphatic from blood vascular endothelia has been a significant hindrance to the study of the lymphatic system. In more recent years, monoclonal antibody D2-40 detects a fixation-resistant epitope on podoplanin. It was shown to be a selective marker for lymphatic endothelia, allowing the specific identification of lymphatic vessels in formalin-fixed, paraffinembedded tissues and the study of lymphatic vessel density in solid tumors. [3] [4] [5] [6] Lymphangiogenesis detected by antibodies specific for lymphatic endothelial cells has been associated with regional lymph node metastasis and a poor prognosis in head and neck squamous cell carcinoma, melanoma and cervical and pancreas cancer; however, recent studies on breast and prostate cancer seem to contradict this finding. 5, [7] [8] [9] [10] [11] The object of our study was to confirm the occurrence of lymphangiogenesis in esophageal squamous cell carcinoma by comparing the lymphatic vessel density in intratumoral, peritumoral and normal compartment; to verify the correlation of lymphatic vessel density and other pathological parameters; and to assess whether nodal metastasis is dependent on tumor-induced lymphangiogenesis or invasion of pre-existing lymphatic vessels.
Materials and methods

Patients and Tumor Sampling
The study included 46 consecutive patients with esophageal squamous cell carcinoma who were surgically treated at the Saga Prefectual Hospital and the Faculty of Medicine, Saga University. Because preoperative neoadjuvant therapy causes changes at the cancerous region, patients who had received preoperative chemotherapy or radiotherapy were excluded from this study. The definition of tumor stage and histological classification were made according to TMN classification criteria. 12 Histological grades, tumor stages and depth of invasion are shown in Table 1 . The cases of Tis (carcinoma in situ) were excluded for having too small an area to determine the lymphatic vessel density. Lymph node metastasis was present in 27 (59%) cases, and the mean number of positive lymph nodes was 3.0 (range, 1-13).
Immunohistochemistry
The largest central sections of the entire tumor were reviewed with both hematoxylin-eosin and D2-40 immunohistochemical staining in each case. The mean number of sections per case was 3.6 (range, 2-6). Immunohistochemical assays were done on formalin-fixed, paraffin-embedded sections. Sections were cut and deparaffinized in xylene and rehydrated in graded alcohols. Antigen retrieval was done by heating slides for 40 min in citrate buffer (pH 6.0) at 951C. Endogeneous peroxidase activity was blocked by 3% hydrogen peroxide for 5 min. Slides were incubated with the D2-40 monoclonal antibody (1:50 DakoCytomation, Glostrup, Denmark) for 30 min at room temperature. Immunohistochemical staining was performed on a DakoCytomation Autostainer using the EnVision þ HRP DAB system (DakoCytomation, Glostrup, Denmark), according to the manufacturer's recommendations.
Quantification of Lymphatic Vessels and Lymphatic Invasion
The compartments were defined as follows. The intratumoral compartment was defined as the area located within the tumor mass. The peritumoral compartment was the 2-mm-wide area around the tumor mass. Moreover, the peritumoral compartment was divided into two compartments: The peritumoral compartment restricted at the mucosa and submucosa was defined as the lateral peritumoral compartment, and the remainder of the peritumoral compartment was the non-lateral peritumoral compartment ( Figure 1 ). The area distant from the tumor was defined as the normal compartment. For D2-40 immunostaining, the slides were scanned at low magnification ( Â 4 ocular and Â 10 objective), and the two highest density D2-40 positive vessels (hot spots) in the intratumoral, peritumoral and normal compartments were chosen. Lymphatic vessel density was determined by counting the number of D2-40 positive vessels in highpower magnification ( Â 20 ocular and Â 10 object) in the selected areas, then summing for a total vessels count. Lymphatic vessel invasion, defined as at least one cancer cell within D2-40 positive lymphatic vessels, was also recorded for each compartment. All slides were evaluated by two G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; T1, tumor invades lamina propria or submucosa; T2, tumor invades muscularis propria; T3, tumor invades adventitia. Classification was according to TMN criteria.
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investigators (DM and FY), and discrepancies were resolved by joint review of the slides through a multiheaded microscope. All cases were examined using an olympus DX51 microscope. The areas occupied by lymph vessels were calculated with a digital camera by filling system software (Flovel Co., Japan) in a 0.11 mm 2 field of examination. 13 
Statistical Analysis
All statistical analyses were performed using the w 2 -test when appropriate. Cox regression analysis was used for multivariate analysis, and an odds ratio with a 95% confidence interval was calculated for each factor. P-values o0.05 were considered statistically significant. All of the statistical tests were performed with StatView ver 5.0.
Results
Consistent with previous reports, this study showed that the antibody D2-40 was specific for lymphatic endothelial cells, and did not stain the vascular endothelial cells. 4, 5 The intratumoral, peritumoral and normal lymphatic vessel density were 26.6718.1, 49.7720.4 and 16.5712.1, respectively. Compared with normal lymphatic vessel density, peritumoral and intratumoral lymphatic vessel density were significantly increased. In addition, peritumoral lymphatic vessel density was significantly higher than intratumoral lymphatic vessel density in corresponding tumors (Table 2) .
No lymphatic vessel density of any compartment correlated with any pathological parameter. Although peritumoral and intratumoral lymphatic vessel density in cases of positive lymph node metastasis was slightly higher than those of negative lymph node metastasis, no significant association was observed (Table 1) .
Intratumoral and most peritumoral lymph vessels were small and collapsed (Figure 2a) . In contrast, peritumoral lymph vessels were often enlarged and dilated in the mucosa and submucosa (Figure 2b ). Most lymph vessels of the normal compartment were extended elliptically along the propria mucosa (Figure 2c ). Most lymphatic vessels with lymphatic vessel invasion were much expanded, sometimes with tumor embolus (Figure 2d ). The mean area of intratumoral, peritumoral and normal lymph vessels and lymphatic vessels with lymphatic vessel invasion were 526, 611, 3645 and 10977 mm 2 (Table 3 ). Lymphatic vessel invasion was detected in 24 cases and the total number of invading lymphatic vessels was 175. Lymphatic vessel invasion was present in a significantly higher percentage of cases with lymph node metastasis (21/27, 78%), as compared to those without lymph node metastasis (3/19, 16%). The presence of lymphatic vessel invasion correlated with lymph node metastasis ( Table 4) . Fifteen cases with lymphatic vessel invasion were present only in the peritumoral compartment, one case was only in the intratumoral For all cases combined, Po0.001 for intratumoral vs peritumoral and intratumoral vs normal, and peritumoral vs normal.
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compartment, and eight cases were with in both compartments. No lymphatic vessel invasion was identified in the normal compartment. Lymphatic vessel invasion was detected more in the peritumoral compartment, especially the lateral peritumoral compartment, than in the intratumoral compartment ( Figure 3) . Among all cases with lymphatic vessel invasion, lymphatic vessel invasion in the lateral peritumoral compartment occurred in 92% (22/24). Moreover, among all invading lymphatic vessels, 81% (142/175) were located in the lateral peritumoral compartment. The presence of lymphatic vessel invasion only in the lateral peritumoral compartment correlated with lymph node metastasis (Table 4) .
Discussion
In this study, we have shown that (1) lymphatic vessel density is increased in the peritumoral and intratumoral compartment compared with the normal compartment; moreover, peritumoral lymphatic vessel density is significantly greater than intratumoral lymphatic vessel density; (2) the lymphatic vessel density does not correlate with any pathological parameters; (3) intratumoral and peritumoral lymphatic vessels are small and collapsed while normal lymphatic vessels and lymphatic vessels with lymphatic vessel invasion are dilated and large; and (4) the presence of lymphatic vessel invasion in the lateral peritumoral compartment, significantly correlates with lymph node metastasis. Classically, it has been suggested that lymphatic vessels are located in the peritumoral area and such peritumoral lymphangiogenesis operates functionally in tumor development.
14,15 Indeed, several reports have shown that increased peritumoral lymphatic vessel density is positively associated with lymph node metastasis and malignant aggressiveness in patients with head and neck squamous cell carcinoma, melanoma and cervical and pancreas cancer. 5, [7] [8] [9] However, contrary to these results, several other investigators reported that increased peritumoral lymphangiogenesis is associated with favorable biological behavior and good survival. 16, 17 Likewise, there exists a diversity of opinions as to the clinical significance of lymphangiogenesis. In this study, lymphangiogenesis actually occurred in esophageal squamous carcinoma because intratumoral and peritumoral lymphatic vessel density were greater than normal lymphatic vessel density. However, we did not find significant differences in the lymphatic vessel density between any pathological parameters including lymph node metastasis. The supposed reason was that peritumoral and intratumoral lymphatic vessels are predominantly small, collapsed and immature lymphatic vessels that cancer cells cannot enter. Actually, the mean area of peritumoral and intratumoral lymphatic vessels is much smaller than that of lymphatic vessel invasion. Moreover, we took into consideration that the number of lymphatic vessels is dependent on the states of the tumor surface. So the number of lymphatic vessels of a tumor with surface erosion or ulceration seemed to be increased. 18 There is evidence that inflammatory cells have an important role in pathological lymphangiogenesis. 19 The presence of lymphatic vessel invasion in only the lateral peritumoral compartment correlated with lymph node metastasis, with a sensitivity of 74% (20/27). Lymphatic vessel invasion was most frequently found in the lateral peritumoral compartment (81%). Lymphatic vessels of the lateral peritumoral compartment were intermingled small and collapsed, that is, lymphangiogenesis induced lymphatic vessels, and large and open, that is, preexisting lymphatic vessels. Lymphatic invasion in the lateral peritumoral compartment was predominantly observed in the large, open, preexisting lymphatic vessels, although this might be the influence of the tumor embolus. We hypothesized that lymphatic vessel invasion was frequently found in the lateral peritumoral compartment because preexisting lymphatic vessels mainly exist in the submucosal layer. These findings supported the hypothesis that peritumoral preexisting lymphatic vessels may be functionally important and are sufficient for lymphatic vessel invasion and lymph node metastasis.
14 And Yonemura et al 20 showed that in advanced gastric cancer, the main source of lymph node metastasis may be the lymphatic invasion in the submucosal layer.
Several reports have shown that lymphangiogenesis does not occur and active lymphangiogenesis does not play a role in lymphatic vessel invasion and lymph node metastasis in prostate cancer or breast cancer. And they proposed that the presence of pre-existing peritumoral lymphatic vessel invasion was more reliable at predicting lymph node metastasis. The presence of lymphangiogenesis might be different for different organs; however, pre-existing peritumoral lymphatic vessel invasion was most important for lymph node metastasis. 11, 17, 21 In summary, lymphangiogenesis might be induced by esophageal carcinoma, but it does not play a direct role in lymphatic vessel invasion and lymph Otherwise: lymphatic vessel invasion in non-lateral peritumoral compartment, intratumoral compartment and no lymphatic vessel invasion. Po0.0001.
Lymphangiogenesis of esophageal cancer D Mori et al node metastasis. Peritumor lymphatic vessel invasion, especially in the lateral peritumoral compartment, implies a high probability of regional lymph node metastasis. Lymphangiogenesis of esophageal cancer D Mori et al
